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Thursday, November 18

Introduction

Dr. Robert Schiffer, Executive Secretary of the ESSAAC, and Dr. Rafael Bras, Chair, welcomed members and attendees to meeting.  After introductions of Committee members, Dr. Bras reviewed the agenda.  This meeting focused on the Science Implementation Plan, which is important for justifying the Earth Science Program and the budget.  Dr. Bras asked the speakers to highlight the issues.  Quoting from the Administrator’s recent remarks—the Earth Science Enterprise (ESE) needs a captivating question:  why Earth Science is needed, the key questions and whether they are answerable, and whether NASA has a plan.

Assessment of the State-of-the-Enterprise

Dr. Ghassem Asrar, Associate Administrator of the Office of Earth Sciences (OES) provided an overview of the Program since the last meeting and the challenges for the near-, mid-, and far-term.  Last year there was a big problem with uncosted carryover.  OES has achieved its objective to bring the carryover down to six months for research, two months for operations, and two months for development.  The FY 2000 budget was retained at the FY 1999 level.  Dr. Asrar thanked all of the supporters in academia and industry.  All agencies are looking at a reduction of about 1% to close the FY 2000 budget actions, and ESE will have to pay its fair share.  Congressionally directed programs have presented a challenge of about $80-90 million.  Impacts fall on EOSDIS and application-oriented projects.  FY 2001 will be a challenge; ESE’s success depends on how well the case can be made for Earth Science as well as performance on promises of the past.

A great deal was accomplished in science this past year.  The Tropical Rainfall Measurement Mission (TRMM) is delivering on its promise to reduce uncertainties associated with the tropical rainfall from 50% to 10%. OES also succeeded with launch of Landsat-7 and a small satellite called “QuickScat.”  In less than six months, Landsat 7 has completed the first global refresh of Landsat imaging.  QuickScat is working flawlessly and the science team will be releasing data to the broader community imminently.  It is capturing over 90% of the global ocean every 48 hours and is enabling the capture of weather events in the context of the climate.  NASA helped the nations of South Africa and Denmark to launch their first satellites (GPS occultation).  JPL is the recipient of the data from these two small satellites and will process data and make it available to the community.  Four of the satellites planned to be launched this year are currently grounded due to lack of access to space (launch vehicle problems).  OES hopes to launch EOS AM (Terra) in the December timeframe.  Another small satellite, Acrimsat, is expected to be launched before the end of the year.  Eleven launches are planned for 2000.  Sixteen science NASA Research Announcements (NRA’s) were issued this year; 790 proposals were received and about 255 were funded (32%).  On the technology front, 1999 was a very busy year.  The first version of the Technology Plan has been developed and the first NRA has been issued on component technologies.  The proposals are in evaluation.  The next NRA, which will be released imminently, will focus on advanced information technologies.  OES has made some inroads into fixing two of the three problems that the Enterprise was faced a couple of years ago.  Access to space remains an outstanding issue.  The backlog of missions will cost the Enterprise about $40 million due to launch delays, etc.  

The information system is critical to success, and ESE has turned the corner on the Earth Observing System Data and Information System (EOSDIS).  It has performed very well in supporting Landsat, and all of the components to support the Terra mission are in hand.  OES is now focusing on the readiness of EOSDIS for the follow-on missions (EOS-PM—Aqua) next year.  The biggest challenge will be to deliver on promises.  ESE has been focusing on some of the mid-term challenges this year, e.g., beyond the first phase of EOS.  The first step starts with developing the first draft of the Science Implementation Plan, and ESE needs help from ESSAAC in ensuring its quality.  NASA must adhere to the Government Performance and Results Act (GRPA) and reporting on success and progress.  Dr. Asrar noted that in their presentations, the Program Managers would be addressing the targets and whether they were met.  OES fell short primarily due to the launch delays; otherwise, ESE accomplished or exceeded every objective with the exception to access to space.  NASA and the NASA Advisory Council (NAC) will be asked to pass some judgment on this before it is submitted to the Administration and Congress.  Within the next year or so, OES must start thinking about the long-term (beyond the next decade).  Because of the way that NASA must execute the program in the future, OES must have a knowledge of general direction and identify key technologies to start investment and ease the transition. NASA has told the nation that after 20 years of investment in the program, we should have some understanding of how the Earth system functions and capture that knowledge and form some conceptual models that mimic the behavior of the Earth system.  ESE must take full advantage of information technologies and communication technologies to help make products and services available to the society at large.  Long term thinking is critical to long term viability.  The immediate task is the development of the Science Implementation Plan.

In response to a question regarding future launch vehicles and access to space, Dr. Asrar noted that a couple of years ago there was a decision at the national level that divided the task of access to space between NASA and DOD.  DOD would take care of the expendable launch vehicles (ELV’s) and NASA would take of the reusable launch vehicles (RLV’s).  Mr. Goldin has been in dialog with the Joint Chiefs of Staff about launch vehicle issues.  OES is working very hard to find a solution that will help in the near-term.  With downsizing, NASA made a conscious decision to buy launch services from industry and most of the internal expertise in this area is gone.  This expertise was useful and valuable to industry, and NASA and industry must work together to get out of this dilemma.  With respect to long-term transition, NPP-type missions may be needed.  There is unanimous support for the NPO system across the board.  NASA did not only focus on AM versus PM when it worked on the bridge.  The two essential instrument packages from AM and PM were put on the same system.  The issue of morning versus afternoon is complex.  Instead of NASA trying to do everything, the Agency must start pushing the issue at the international level to ensure that there are European components.  The Europeans have accepted the responsibility to cover the morning platform.  Dr. Asrar suggested fixing this problem permanently by working with the Europeans.  Dr. Estes raised two issues:  (1) the Applications Division and how it is doing; and (2) the new consortium the Europeans are putting together to look at verification of environmental treaties.  He questioned whether anyone is looking at this and considering it in the development of the Science Plan.  Dr. Asrar noted that the Applications program is not yet mature and needs fixing.  OES is well aware of the international partnerships; the plans that are being developed have captured the treaty verification.  Europe and Japan do not have the science base that the U.S. has; their support is more industrial-based.  In response to a question regarding long-term computing capacity, Dr. Asrar indicated that NASA is committed to both hardware and software solutions.  Goddard Space Flight Center (GSFC) and Ames Research Center (ARC) are focusing on the software problem.  NASA is not the major player/investor on the hardware side, although NASA plans to beta test the new IBM, SGI, and other machines.  The goal is a one terraflop machine at ARC in the next five years.

Subcommittee Reports

Technology

Dr. Gregory Canavan reported on the Technology Subcommittee, which held its meeting on November 17. The Subcommittee was very positive on the OES technology activity.  It is making good progress in addressing the issues, e.g., the links between science and technology.  The groups has identified the steps that are necessary to continue to strengthen the linkages.  The strategic objectives of the technology program are to (1) develop new measurement concepts, (2) to improve the accessibility of the products to the science community, and (3) to infuse the technology throughout the broader scientific and industrial community.  Science is now is much more clearly driving the technology, although there is still a continuing need for prioritization within the science themes.  The planning process is now in reasonably good shape.  There is a need to strengthen some of the aspects of the cooperative programs, e.g., the Small Business Innovative Research (SBIR) and the High Performance Computing Center (HPCC).  There also needs to be a stronger coupling with DOD and DOE.  With respect to the implementation aspects, the Subcommittee was generally satisfied with the progress.  On the issue of performance metrics, the Subcommittee felt that ESE has met its objectives.  ESE has developed a good process for technology development and innovation.  In response to a comment from Dr. Bras regarding the metrics for 2000, Dr. Asrar indicated that the Committee would see the metrics for 2000 and 2001, as well as the flow.  Dr. Canavan commented that the NASA process for innovation in the sensor area is much better than that in DOD.  There is potential for fruitful coupling with programs in DOD and DOE, and a dialog has been initiated with DOD.  DOE has been successful in high performance computing and is a level ahead of NASA, particularly in using scaleable architectures to handle crossbar switches.  The time is right to try to build some bridges between NASA and the DOE labs.  Dr. Bras noted that one of the concerns with the faster/better/cheaper philosophy is that this paradigm could stifle innovation.  Dr. Canavan added that the process is definitely better than a few years ago; there is now a concrete set of statements from the technologists on where they think the science wants them to go.  Dr. Moore suggested that the timelines should go out beyond 2010 to show where the technology fits in.

Data & Information Systems

Dr. Sara Graves reported on the status of the Data and Information Systems and Services (DISS) Advisory Subcommittee (DISSAS).  Formation of the Subcommittee was requested by Dr. Asrar at the last ESSAAC meeting.  This Subcommittee will provide continuity and broaden the work of the ad hoc EOSDIS Review Group (ERG), which was formed by the ESSAAC.  The last meeting of the ERG was held in May in order to close out outstanding business related to the near-term EOSDIS implementation.  The final ERG report contained short-term and near-term recommendations.  The Terms of Reference are complete to formally establish the new Subcommittee. It will comprise approximately ten members (recognized experts in both the physical and information science disciplines drawn from academic, industrial, and government communities) with Dr. Graves as Chair.  The membership package is currently in process.  The DISSAS will advise on maximizing the scientific return from, and the dissemination of, Earth system science data and information, using cost effective technology and management approaches.  Specific areas to be covered include:  the status of availability of data and information; high level review of the Earth Science Data and Information System; transition from the existing data and information system to new systems and services; and identification of key technologies that will improve science operations.  The Subcommittee will be chartered soon and will meet before the next ESSAAC meeting.  Initial areas of interest will be:  continuity from ERG concerning the present system; engagement on the new DISS development; and the information technology (IT) prototyping bridge from the Earth Science Technology Office investments to infusion.  The group will look at both the hardware and the software sides.

Space Operations Management Office (SOMO)

Dr. Graves provided an update on the SOMO/Consolidated Science Operations Contract (CSOC) situation.  The NAC had requested that a study group, composed of both OES and Office of Space Science (OSS) members, be formed to review the SOMO/CSOC issues and provide recommendations.  The group met in April to get presentations from current and prospective users, as well as managers from CSOC.  There were a series of eight recommendations that were carried forward to the NAC; two of the recommendations were accepted: (1) A users group should be formed that communicates to both the SOMO head and the Space Operations Board of Directors, to provide direct feedback from the end users, as well as an information channel from SOMO back to the user community; and (2) OES and OSS senior management, who will receive the reports of the above-mentioned groups, should participate in determination of the CSOC award fee.  Space Science was disappointed that the Deep Space Network was not taken out from under SOMO/CSOC, as recommended.  In response to a question regarding the status of the users group, Dr. Asrar noted that the group has formed and that, so far, it has worked reasonably well.  Deficiencies have been identified, and SOMO/CSOC have committed to fix the shortfalls.  Also, OES and OSS have been involved in determining the CSOC award fee.  Dr. Asrar requested specific questions from the ESSAAC to carry forward to the NAC.  Dr. Uccellini noted that both activities (data and operations) should leverage NOAA.  Dr. Bras indicated that at a previous NAC meeting, issues related to SOMO and a policy on continuing observations and transition were raised.  The NAC was initially reluctant to take up the SOMO issue.  Some of the members of NAC felt that the scientists were trying to protect the “status quo;” and few felt that the problem was serious enough to turn the course (of SOMO) around.  One of the questions to the advisory committees is:  How can the community be involved early on to address concerns?  Dr. Asrar added that NASA downsizing required the consolidation of services and reductions in cost.  In the rush to realize these reductions, the projected CSOC savings were removed from NASA’s budget.

International Space Station (ISS) Utilization

Mr. John Kelley and Ms. Betsy Park provided a technical overview of ISS and discussed payload allocations, the OES Research Program Office, the OES solicitations, and institutional progress.  There are four attached payload sites on the starboard truss; four attach sites on the Columbus Exposed Payload Facility (EPF); and ten attach sites on the Japanese Experiment Module (JEM).  On the bottom of the U.S. lab is a nadir window.  The vehicle itself is in a nearly circular orbit (350 km) at 51.6o inclination.  It reaches a maximum 52o latitude north and south, covering 85% of the globe and 95% of the Earth’s population.  Ms. Park described the Window Observational Research Facility (WORF), the EXPRESS Pallet for external payloads, the JEM Exposed Facility, and the Columbus EPF.  There are 25 available external slots for U.S. payloads, and OES has been allocated 25% of the external sites.  On the internal side, most of the pressurized volume allocation goes to Life and Microgravity Sciences and commercial applications.  The WORF currently has no allocation policy.  OES considers this to be a very nice platform for applications areas.  Mr. Kelley discussed the status of OES planning for ISS.  SAGE III is a qualified payload, planned for flight in 2003.  The next three are Earth Science placeholders for future missions in 2003.

The OES Research Program Office was established to assist the ESE in getting on Station.  Located at GSFC, it is the primary OES advocate for ISS program integration.  A program plan is being developed.  The OES is represented in all station payload planning and pallet utilization forums.  Last month, OES issued a Request for Information (RFI) for utilization of the ISS WORF.  WORF utilization may include science, applications, technology demonstration, or outreach payloads.  The UnESS Announcement of Opportunity (AO) has had a great deal of interest regarding Station.  Language has been put in this AO to encourage proposers to look at Station as a potential platform for their missions.  Some of the first payload opportunities (in pressurized modules) are in 2001; the first external attached payloads are in 2003.  Payloads will be funded through an AO process.  In addition to the establishment of the ISS Research Program Office, a Flight Services position was established to provide Headquarters customer oversight and leadership in OES science and applications areas.  OES is sponsoring three panels at the Science, Technology, and Applications International Forum (STAIF) 2000 in Albuquerque.  Panel I will be an open forum on the ISS utilization plans of OES; Panel II will be presentations on Earth Science attached Payloads; and Panel III will be presentations on the Earth Science WORF payloads.  Ms. Parks noted that if ESE does not take advantage of its allocations, the commercial payloads will be ready to take those slots.  The Research Program Office is working on a WORF allocation policy; the Space Station Utilization Board (SSUB), which includes the Associate Administrators, will approve the policy.

Overview of the ESE Science Implementation Plan/Post 2002 Missions

Dr. Jack Kaye discussed the high level and science questions and their relationship to the Earth System components, the Earth Science issues and questions, NASA’s role, the research tools, the relationship of the implementation plan to the National Research Council (NRC) Pathways Imperatives, and the future outlook.  The intended audience for the Science Implementation Plan is the science community.  A lot of attention has been paid to the integration of modeling and observation and understanding the relationship between process studies and global science, and between what may be considered core disciplinary science and interdisciplinary science.  The basic high-level question is:  How is the Earth changing, and what are the consequences for human civilization?  This very broad question can be broken down into lower-level science questions:  How and why does the Earth change naturally?  What are the direct human forcings on the Earth?  How does the Earth respond as a system to human-induced changes?  What are the consequences of changes in the Earth for human civilization?  Can we predict the changes to the Earth that will take place in the future?  The questions are all multi-disciplinary and have individual Earth system components and key linkages in multiple questions.  Another way to organize the research is to focus on components and key linkages, defining lower-level questions within each to “add up” to individual big questions. ESE settled on an organization that was sorted this way:  the biosphere and linkages with atmosphere and ocean; transformations of water in atmosphere and land surface and associated energetics; water in oceans and ice and associated global radiation; trace constituents in the atmosphere; and processes in the Earth’s interior and at the surface.  From this, there are five themes in the Plan:  Biology and Biogeochemistry of Ecosystems and the Global Carbon Cycle; Global Water and Energy Cycle; Climate Variability and Prediction; Atmospheric Chemistry; and Solid Earth Science and Natural Hazards.  Working in these themes, which are fairly consistent with the U.S. Global Change Research Program (USGCRP), ESE has a high-level science question for each theme with two or three science issues associated with each question.

As part of the USGCRP, NASA focuses on provision and scientific study of global data of the Earth system, detailed understanding of processes necessary for interpretation of global data, and development and use of models that can be sued to improve our understanding of the present environment and its prior evolution as well as to predict its future evolution.  As part of NASA, ESE focuses on accomplishing scientific research on the global Earth system through development and use of innovative measurement technology and concepts, development and use of information systems technology and concepts, and integration of measurement and modeling capability.  Research tools include global systematic measurements, exploratory or process research satellite missions, field studies and supporting laboratory research, data and information systems, and Earth system modeling.  Dr. Kaye showed that there is a relatively good mapping between the NRC Pathways Imperatives and the Science Implementation Plan.  Major advances in technology are likely in several areas:  active remote sensing from space; smaller and improved sensors; gravitational remote sensing; platform technology (smart spacecraft, constellations, etc.); data delivery systems that can deal with large amounts of data from space-based measurement systems; and computational capability for modeling, parameter retrieval, and their integration.  

Discussion:

In response to a question regarding how the science results flow to the applications and how science results can be used in education, Dr. Kaye noted that the education aspect will be covered in a separate plan.  There has not been a lot of attention devoted to the transition from science to applications in the Science Plan; there will be an Applications Plan draft in December which should include these “hooks.”  Dr. Falkowski suggested that the Plan show the relationship of the high level questions to the discipline science questions.  The Plan should also include references to the paleo record and some of the disciplines in OSS.  Dr. Canavan noted that there is a list of things that involve further-out technologies, and he questioned who has the responsibility for ensuring the linkages between the two processes (science and technology). Dr. Bras noted that he had the same concern, e.g., the process by which the technology needs get transferred to the proper venue. Dr. Kaye indicated that his office will maintain a very close dialog with the technology office (Mr. Paules).  It is a joint responsibility, and there must be a close link between the research side and the technology side.  Dr. Bras suggested that this aspect be clarified.  With respect to the Pathways Report, NASA’s responsibility is to provide selective answers through prioritization of activities.  Dr. Uccellini suggested that the climate/weather/water linkages be emphasized in the Executive Summary.  Dr. Moore added that more specific linkages should be included throughout the text.  The text tends to concentrate on missions in the next three to five years.  There needs to be more text (and justification) on the out-year missions.  For example, the carbon cycle discussion needs something on direct CO2 measurements.  Dr. Graves suggested that the Plan expand the DIS discussion on data utilization and show linkages to the science problems.  Dr. Estes suggested that some good graphics be added to the Plan.  Dr. Kaye indicated that ESE would do another revision to the Plan, then take it to the National Academy of Sciences (NAS) for review, then release it on the Web.  He noted that ESE would be happy to go to professional societies and present the Plan.  Dr. Bras indicated that the ESSAAC needs to be involved in the further development of the Plan before it goes to the NAS or to a wider dissemination for extensive review.  He asked that Dr. Kaye provide a brief summary of the timeline (at least the key dates) for the finalization and release of the Science Implementation Plan on the following day.  Dr. Uccellini noted that a version of the Plan is needed to support the budget planning for FY 2002, which begins early next year.  Dr. Kaye indicated that ESE is looking at the February-April timeframe for its strategic plan activity.  ESE intends to get ESSAAC approval of the Science Implementation Plan before release to a wider audience.

Biology and Biogeochemistry of Ecosystems and the Global Carbon Cycle (B&BE&GCC)

Dr. Diane Wickland discussed the first section of the Science Implementation Plan.  The overarching issue in this section is:  Will the Earth provide food, clean water, and renewable resources to support human civilization in the future, and how will human actions affect this ability?  Dr. Wickland reviewed the three main science questions in this area:  (1) How do ecosystems respond to and affect global environmental change?  (2) How are land cover and land use changing?  What are the causes and consequences? and (3) What is the role of ecosystems in the global carbon cycle, and how might this role change in the future?  The topics to be addressed are global primary productivity, ecosystem responses to environmental changes, the nature and consequences of land cover and land use change, interactions with climate and atmospheric chemistry, and the global carbon cycle.  The three program elements are: ocean biology and biogeochemistry, terrestrial ecology; and land cover and land use change.  Dr. Wickland showed the timeline for the experimental missions, the field campaigns, and the modeling activities.  She gave some illustrative examples of how the science questions are being answered (topics, primary satellite missions, and other primary activities) and showed linkages within the Enterprise, across other NASA Enterprises, across other agencies, and internationally.  One of the cross-Enterprise linkages is Astrobiology (managed by OSS).  A key Astrobiology question is:  What is life’s future on Earth and beyond?  ESE is already addressing the first part of this question and will continue to exert leadership in this area within the NASA Astrobiology initiative.  

Dr. Wickland discussed the evolution of the B&BE&GCC program and future directions.  Land cover has emerged as a new program element.  The environment for interagency collaboration, especially within the USGCRP, is increasingly favorable.  In the future, identification and quantification of global carbon sources and sinks will be emphasized.  Research priorities will shift from preparation for new missions to utilization of new data.  Satellite resources will be used to put more emphasis on regional and global integration.  In the land cover area, NASA plans to make a major contribution to the Global Observations of Forest Cover project.  Some of the future challenges are:  how best to support the USGCRP’s Carbon Cycle Science Program; how to develop a new endeavor in Coastal Processes; how to effectively utilize/integrate data from the many new satellite systems; how to achieve periodic high resolution global land cover and land cover change assessments; and how to adequately address the human dimensions of change in ecosystems.  Dr. Wickland discussed NASA’s Plan for Carbon Cycle Science and how the Enterprise plans to get to the five and ten year goals.  There is a list of expected achievements for each science question.

Dr. Wickland briefly reviewed the 1999 Performance Targets and self-assessments for the B&BE&GCC area.  The first target, begin to refresh the global archive of 30m land images from Landsat 7 two to three times per year, was achieved.  The second target, begin to collect near-daily global measurements of the terrestrial biosphere from instruments on the EOS AM-1 spacecraft, was deferred to FY00.  As noted earlier, the Terra launch has slipped due to launch vehicle problems.  The third target, collect near-daily global measurements of ocean color, was achieved.

Discussion:  

Dr. Moore noted that this chapter of the Science Implementation Plan needs to tie more extensively into physical climate and ocean circulation.  Dr. Wickland agreed that the Plan needs this improvement.  Dr. Fung suggested adding the quantification of the carbon sources associated with deforestation.  Dr. Estes noted that the chapter includes explicit links to the applications program, but there is one missing—loss of farmland, which is a long-term issue.  Dr. Canavan felt the chapter was very clear and helpful; he suggested that Dr. Wickland consider adding some shorter (1-2 year) goals.  In response to a question regarding the Kyoto issues, Dr. Wickland indicated that there was consideration given to this aspect, and it is currently a very delicate issue.  There is a lot of interest in carbon right now.  Dr. Falkowski observed that one of the ways to debate the Kyoto issues is to propose hypotheses; e.g., using technology to distinguish between oceanic and terrestrial carbon sources and sinks.  Dr. Wickland noted that NASA can look at processes and integrate them into the models.  Dr. Uccellini suggested that the Plan include looking at impacts on coastal processes, both the long-term and the episodic aspects.  

Global Water and Energy Cycle (GW&EC)

Dr. Schiffer discussed the second section of the Science Implementation Plan. Within the USGCRP, last year there was an emphasis on developing carbon cycle programs; next year, the emphasis will shift to developing a water cycle program.  NASA is one of the key players in the program.  The scientific focus of this research theme is to investigate and quantify the relationship between “fast” regional weather-related processes (atmosphere and land) and global climate change.  The practical applications of this are particularly widespread.  The main attributes of the climate system that everyone is aware of are temperature and precipitation.  The overarching issue is:  Will the Earth provide adequate water resources for human civilization in the future?  This overarching issue elicits three more specific science questions:  (1) Is the cycling of water through the atmosphere accelerating? (2) To what extent are variations in local weather, precipitation, and water resources related to global climate change? and (3) How can the integrated effect of fast atmospheric, land, and ocean surface processes be accurately included in large-scale climate models?  

Dr. Schiffer went through each of the science questions and described what has been accomplished and what we need to know.  The next big step in the systematic and experimental missions is the NPOESS Preparatory Mission (NPP), which is planned as a bridging mission between EOS-PM (Aqua) and the first NPOESS mission (C1) to ensure continuity in research quality atmospheric sounding and imaging.  The next big step beyond TRMM is the Global Precipitation Mission, which was conceived as an internationally coordinated constellation of mother/drone satellites to extend the TRMM precipitation data record with global coverage.  The program is also looking at the potential for experimental geostationary observations for atmospheric temperature and moisture sounding.  With respect to the second science question, the issue is “downscaling” from the observed or predicted global atmospheric circulation and climate to regional/mesoscale weather and hydrologic phenomena.  To address this question, NASA plans to invest in the development of an experimental soil moisture measurement mission during the next five to ten years.  The second priority is to observe the freeze/thaw transition and/or measure snow accumulation or water equivalent.  Application of space-based altimetry was demonstrated with TOPEX/Poseiden data, and this may grow into an effective means to acquire systematic river discharge data globally.  The issue associated with the third question is the need for physics-based climate models, rather than empirical representations of the small-scale processes that govern momentum, energy, and water fluxes within the atmosphere and at the interface with the ocean, ice, and land surfaces.  Models need further work.  The study of radiation processes in the atmosphere has been a major focus of the research program for a number of years.  The total greenhouse effect of the Earth atmosphere is due largely to climate-dependent variables—water vapor and clouds.  The next step will be active probing of the atmosphere.  The program all comes together through model development, in particular the effort going into four dimensional data assimilation (a major activity underway, sponsored by GSFC).  ESE has the responsibility to translate this vast amount of data into information that is useful to the research community.  Dr. Schiffer provided an assessment of where ESE expects to be over the next decade in improving the understanding and description of parameters that are important to the global hydrological cycle.  Supporting this puts tremendous stress on the technology components of the program, and investments have been identified to make these projects successful.  Dr. Schiffer provided additional information on the ESE instrument incubator program investments.  The water and energy cycle program is linked very closely with other national and international activities.

Three performance targets were associated with GW&EC:  (1) rainfall measurements (achieved); (2) GPS-derived temperature and moisture (achieved); and (3) global cloud properties (deferred to FY 00—the Terra launch was delayed due to launch vehicle restrictions).  

Discussion:

Dr. Uccellini suggested that “unpredictable weather variability” on the first chart be changed to “extreme weather variability.”  It is the extreme weather event that makes up the climate signal.  This is an important science issue which links the climate and weather community.  With respect to dynamics of the atmosphere, “winds” (throughout the troposphere) should be added.  There will be wind aspects to geostationary platforms.  Dr. Uccellini observed that the listed programs are heavily weighted towards the climate. He suggested that the USGCRP be added to the list of interactions.  In response to a comment regarding expected achievements over the next five to ten years, Dr. Schiffer noted that the program is not an internal construct—it reflects the views of the various communities.  In response to a comment from Dr. Moore regarding the international missions, Dr. Bras suggested that the references to the international missions be clarified on all of the timelines.  He also suggested that more emphasis be placed on the linkages between GW&EC and the Biogeochemistry theme.  Dr. Bras felt that the first science question could be misinterpreted—the answer is plainly “yes.”  The competition for limited water resources could be very volatile.  

Climate Variability and Prediction

Dr. Kenneth Bergman discussed Section 3 of the Science Implementation Plan and noted that there are a lot of overlaps between the issues in Sections 2 and 3.  The overarching issue of Section 3 is:  Can we expect climate changes of consequence during the next decades and century, and what will be the causes of such changes?  The obvious answer is yes to the first part of the question.  The main scientific questions under this theme are:  (1) Can global climate variations be understood and predicted?  (2) Can observed global climate trends be attributed to specific factors?  (3) Can changes in polar ice sheets seriously affect global sea level?  Dr. Bergman provided an overview of the theme and discussed the climate forcings, climate parameters, climate modeling, and data assimilation.  Forcings include solar variability, greenhouse gases, and tropospheric aerosols.  The ocean circulation is a very important parameter, as is ice sheet distribution and dynamics and the interaction of the ice sheet with the ocean and the atmosphere.  Climate modeling is on seasonal-to-interannual and decadal-to-centennial timescales.  There is a need to assimilate heterogeneously observed data into physically and dynamically consistent data sets for model initialization and verification.  Data assimilation is a cross-cutting activity, serving multiple purposes:  modeling, climate monitoring, observing system needs, and observation evaluation.  NASA’s core modeling and data assimilation activities include:  the NASA Seasonal-to-Interannual Prediction Project (NSIPP), which looks at climate variability and prediction on seasonal-to-interannual timescales; the GISS Modeling Project, which looks at variations and trends on decadal-to-centennial timescales; the GSFC Data Assimilation System (GDAS), which includes model-assimilated atmospheric and some land surface data sets with special focus on optimum use of new kinds or remotely sensed observation; and Ocean Data Assimilation (JPL and GSFC), which includes model-assimilated ocean data sets with emphasis on remotely sensed ocean observations.  

This theme has close linkages with other ESE themes, as well as linkages with Space Science (solar variability and climate), other US agencies, and internationally.  Dr. Bergman discussed the expected new knowledge in the next five years and in the next ten years with respect to the three major science questions.  

Discussion:

Dr. Bras noted that this theme is different from the other four themes which are discipline oriented, and its difference is obvious in the Plan.  Dr. Falkowski questioned whether NASA is organized to answer the key questions.  He felt that modeling is not adequately organized in NASA to produce a global systems model, and the expertise is not in-house.  Dr. Morel also questioned the organization of the Plan and how it should address climate variability and prediction.  Dr. Moore noted that the IPCC number one issue in climate variability and prediction is the uncertainty of clouds.  However, the word “cloud” only appears in this chapter three times.  NASA may run the risk of being misunderstood with respect to the critical issues associated with climate variability and prediction.  Clouds and radiation feedback are addressed in Chapter two.  ESE should go back and look at the composition of the Plan—the titling and the structure.  Dr. Uccillini observed that the Plan does not refer to community modeling, an ongoing enterprise in which NASA plays an important role.  This should be emphasized.  Dr. Bras noted that Dr. Asrar has stated the NASA’s goal is to produce a global system model, and this is a very clear deliverable.  It doesn’t mean that NASA has to do it all, but it must be a major player.  Dr. Uccellini noted that five-year accomplishment markers are needed in model development and data assimilation.  Linkages must be clearly articulated up front.  Dr. Hartman observed that there was no mention of trying to measure free tropospheric winds in Chapter 3.  Dr. Bergman indicated work is going on in this area, and it is included in the previous chapter.  Currently, it is carried as a pre-operational demonstration.  Dr. Kaye added that ESE will go back and look at this to make sure it is adequately covered.  Dr. Moore noted that the fast versus slow climate processes is a confusing structure in the Plan.   He suggested that Chapter 2 be the hydrological cycle and the fast components, Chapter 3 deal with the role of the oceans in climate systems, and a Chapter 4 be added that puts the first three chapters together in climate modeling of the Earth system.  As written, this very good report has a structural problem between Chapter 2 and 3 and the way that modeling is addressed.  Dr. Kaye agreed that there are some things that are clearly missing, e.g., the biological linkages; there is insufficient linkage between carbon cycle modeling in the first chapter and the issues in the other chapters.  Any structural change should serve an integrating function.  He indicated that ESE needs to think carefully about what it will promise, but it seems clear from the feedback from the Committee that the ESE has not sufficiently addressed the critical issues in the modeling function, particularly the biological components and feedbacks.  Dr. Estes suggested that if there was a section that explained the structure and order of the Plan, the context could be more easily understood.

Dr. Bras emphasized that it was important for the group to discuss a process by which the Committee could work with the Enterprise in the next iteration of the Plan.  He asked the members to give this some thought and offer some specific ideas on the following day.

Friday, November 19

Atmospheric Chemistry

Dr. Phil DeCola discussed the Atmospheric Chemistry chapter in the Science Implementation Plan.  NASA has a Congressional mandate to develop and carry out a comprehensive program of research, technology, and monitoring of the phenomena of the upper atmosphere so as to provide for an understanding of and to maintain the chemical and physical integrity of the Earth’s upper atmosphere.  The overarching question is:  How do emissions from human activities affect the atmosphere and the quality of air?  There are three science questions:  (1) How will stratospheric ozone respond to the reductions in the atmospheric abundance of ozone-destroying industrial chemical? (2) How does the chemistry of atmospheric trace constituents respond to and affect climate? (3) What are the effects of regional pollution on the global atmosphere, and the effects of global chemical and climate changes on regional air quality?  As halogen burden falls in response to regulation, stratospheric ozone should begin to recover.  Recovery will be influenced by changing abundances of water vapor, methane, sulfate aerosols, and changes in dynamics and temperature.  Even though halogen is decreasing, ozone is recovering in an atmosphere that is very different from when there were similar halogen levels in the past.  There is a need to understand the spatial and temporal variability of long-lived and short-lived greenhouse gases for radiative forcing of climate.  Plausible changes in water vapor, methane, and temperature could impact the expected recovery of stratospheric ozone.  Dr. DeCola showed some recent model results to illustrate the problem.  With respect to the third question, convection plays a key role in vertical mixing and ultimate global distribution of pollutants.  Understanding is complicated by geographical and seasonal variations.  Dr. Decola showed some data from satellite and field measurements on the impact of biomass burning.  A lot of understanding on tropospheric chemistry is missing. Global measurements will be important to get at this problem.

Dr. DeCola discussed the implementation plan for continuing to work on these problems.  Components of the program include systematic measurement missions, experimental missions, field measurements and validation campaigns, systematic ground-based measurements, and laboratory measurements and modeling.  For the ozone recovery question, spectroscopy of atmospheric gases and particles plays an important role.  Atmospheric Chemistry laboratory studies provide the essential input data for photochemical models and in situ and remote sensing of the atmosphere.  Dr. DeCola discussed some example of campaigns that have applied to the problems of stratospheric ozone.  ESE is investing in technology through the Instrument Incubator Program (IIP).  Dr. DeCola highlighted one of the metrics:  the SAGE III launch on the Meteor 3M spacecraft.  This has been delayed due to delay of Russian implementation.  ESE hopes to launch this instrument in FY 00.  

Discussion:  

In response to a question from Dr. Moore, Dr. DeCola indicated that from the Snowmass Planning Workshop, a strong need for linkage between LBA and Atmospheric Chemistry was identified.  The chemistry/ecology coupling is important.  Dr. Moore also emphasized the importance of reaching out internationally.  In response to a question from Dr. Bras, Dr. DeCola noted that there is a major concern with halogen substitutes, which are growing very rapidly.  Their chemistry needs to be fully understood; this is beginning to be worked now.  Dr. Falkowski indicated that a CO2 Measurement Workshop was held at the University of Maryland on November 17; the ESSAAC should get a report on this workshop as soon as possible.  Dr. Fung indicated that there is a need for stronger linkages across all of the chapters in the Plan.  Dr. DeCola added that this has been recognized, and ESE will work on getting this into the Plan.  

Solid Earth Science

Dr. Earnest Paylor discussed the Solid Earth chapter in the Science Implementation Plan.  The program is focused on understanding the dynamics of the Earth’s interior and crust.  The top level question is:  How can knowledge of the Earth’s motions be used to provide warning of earthquakes, volcanic eruptions, and other natural hazards?  The two second-level science questions are:  (1) What are the motions of the Earth and the Earth’s interior and what information can be inferred about internal processes such as mantle convection and the generation of the Earth’s magnetic field?  and (2) How is the Earth’s topographic surface being transformed and how can such knowledge be used to predict future changes?  This particular program maintains the International Geodetic Reference Frame for geodesy, surveying, and science.  This is fundamental for measuring changes on the surface.  Understanding of geological/geodynamic phenomena will lead to better forecasting and prediction of natural hazard events.  The scope of the program includes solid Earth dynamics, topography and surface change, and the pragmatic issues associated with natural hazards.  It includes basic and applied research and modeling, technology development/transfer, satellite observations, ground-based networks, and field/airborne campaigns.  The program focuses on utilization of NASA-unique technology and techniques and coordinates with and leverages other Federal programs and international agencies.  

Dr. Paylor discussed the four program elements—space geodesy and the International Terrestrial Reference Frame; gravity field studies; magnetic field studies; and global geology studies.  The International Terrestrial Reference Frame provides an accurate description of the Earth’s motions and basic information for a broad range of fundamental investigations of the oceans, ice sheets, and Earth’s internal structure.  Dr. Paylor showed examples of what is being done with the VLBI network, the SLR network, and the GPS network.  The gravity field area is looking at understanding the internal structure of the Earth and mass redistribution related to fluid flow due to tides, post glacial rebound, ground water storage/flow, sea-level changes, ocean circulation, etc.  Magnetic field studies are looking at fluid motions in the core, core/mantle coupling and boundary conditions, crustal structure, and external sources.  There have been some preliminary discussions with the OSS planetary program about joint magnetic studies.  The global geology studies look at landscape forming processes involving the interaction of the Earth’s interior, surface hydrologic, the biospheric, and atmospheric processes.  This part of the program is a springboard to applications-oriented, short term studies focused on assessment of vulnerability to natural hazards.  Dr. Paylor showed some examples of global geology studies.  At the conclusion of his presentation, he discussed the performance targets for the Solid Earth theme.  All of the targets were achieved.

Discussion:

In response to a question, Dr. Paylor indicated that NASA is not monitoring CO2 in volcanic eruptions.  Dr. Solomon observed that presentation contained a better enunciation of links than was captured in the Plan; the Plan needs expansion in this area.  Dr. Bras noted that linkages appears to be a recurring comment on all of the sections.  He also noted that, overall, the presentations on the Science Implementation Plan were better than the document.  A lot of the document is driven by the climate issues, and it is difficult to put all of the ESE program under that umbrella.  However, Dr. Asrar has stated that the Earth System Model is a major goal.  Dr. Somerville indicated that it is hard for an audience to read the document in isolation from a general knowledge base.  He suggested adding an appendix of factual data which provides information on the ESE program and background, the budget, Principal Investigator (PI) statistics, etc.  Dr. Graves suggested that when the Plan is put on the Web, it should include some good images.  This could help to emphasize the linkages.  Dr. Moore questioned where the paleo studies tie in.  One of the linkages is with the Astrobiology program.  

GPRA Metrics

Dr. Schiffer noted that the Committee had heard the targets associated with the ESE themes over the past day and a half.  The following presentations were on those that didn’t directly map against a single theme, but were more general.  Dr. Martha Maiden discussed the DISS metrics.  The strategic goal is to improve the dissemination of Earth Science research results.  There were four targets:  (1) make available Earth science data on land surface characteristics, ocean surface conditions, and climate to users within five days; (2) increase the volume of data archived by 10% compared to FY 97; (3) increase the number of distinct customers by 20% compared to FY 97; and (4) increase the products delivered from the Distributed Active Archive Centers (DAACs) by 10% compared to FY 97.  Dr. Maiden discussed ESE’s self-assessment on each of these; she reported that all of the targets were achieved (green).  Dr. Somerville suggested that there should be a metric for “customer satisfaction” based upon customer survey.  Dr. Maiden indicated that ESE is working on this.  Dr. Bras felt that there should be significant targets of improvement each year.

ESE Applications, Commercialization, and Education Division (ACE)

Dr. Nancy Maynard discussed the ACE goals, targets, and assessments.  ACE is an aggressive new strategy devoted to significantly increasing the application of NASA ESE remote sensing data, information, science, and technologies to societal issues, ensuring maximum return on taxpayer investments.  Organizationally, there is an education group, a commercialization group, an applications group, and a science and technology group.  Dr. Maynard discussed the goals, components, and deliverables in these four areas.  She provided a status/assessment on each of the FY 99 performance targets.  All of the targets were achieved (green).  Dr. Bras indicated that the ESSAAC would like an in-depth review of the ACE activities at its next meeting.  In response to a question from Dr. Moore regarding what part of the Regional Earth Science Application Centers (RESACs) were self-directed as opposed to Congressionally mandated, Dr. Maynard indicated all of the RESACs were born from a Congressional directive for applications centers; however, the selection process was highly competitive and Congress was satisfied with the results.  ESE was able to leverage funds to grow a number of RESACs.

Technology

Dr. Granville Paules discussed the technology metrics and self-assessment.  He noted that the technology program did not exist before the GPRA metrics effort was started.  A handful of metrics were identified for the technology program, and the FY 99 activity focuses on that initial set.  Dr. Paules noted that the ESSAAC Technology Subcommittee had reviewed the a broader set of performance metrics being used as management tools within the program.  The GPRA targets were: (1) demonstrate a new capability to double the calibration quality for moderate resolution land imagery—MODIS will meet this objective, although launch has been delayed; (2) transfer at least one technology development to a commercial entity for operational use—this target was exceeded (there were three this year); and (3) advance at least 25% of funded instrument technology developments one Technology Readiness Level (TRL)—this was achieved (seven of 27 incubator PI’s have advanced one TRL this year).  Dr. Fung noted that there were no in-flight calibration metrics; these need to be included in the future.  Dr. Paules indicated that there are technology roadmaps that have been discussed with the Technology Subcommittee.  All of the candidate missions in the science plan have been mapped to the technology program.  Dr. Bras requested that the integrated technology plan be distributed to the ESSAAC members and reviewed at the next ESSAAC meeting.  

Dr. Bras asked that everything on the ESE performance metrics be reduced to five transparencies that he could present to the NAC in December.  

ESSAAC Discussion

Dr. Bras stated that the two main themes of this meeting were the Science Implementation Plan and the performance assessment.  The ESSAAC had an open discussion of the Science Implementation Plan and developed some constructive suggestions on where to move next.  Dr. Bras noted the following regarding the Plan:

· It serves a very good purpose and represents a good beginning; however, it needs improvement.

· The ESSAAC needs to find a way by which the Committee can be helpful in creating and improving the new version of the Plan.

· There were some common themes/comments on the Plan:

1.  The plan needs to build more on the linkages at all levels.

2.  The flow of appropriate questions (having to do more with organization)—from the overarching mission of the Enterprise to the specific science questions—needs work.

3.  Another significant item was the issue of how to treat the international relationships and assets that can be useful to NASA; the presentation in the Plan is uneven.

4.  The Plan already has embedded a priority judgment; the Plan needs a description of the process for prioritization of questions that will be answered by the missions.

5.  The written material was extensive; most scientists will go to the section of their interest.  A key question is—how should the material be presented?

Dr. Bras proposed that the ESSAAC discuss the process for creating a mechanism to help organize the existing document and help with the next iteration.  He suggested that the Committee create a planning group to help to do this.  With respect to the written material, he suggested that an “Executive Summary” document be created, using the same material and content as in the blue document, organized differently.  He suggested that members of the Committee be assigned to the different program areas.  

Other comments from the Committee:

A suggestion was made to bring the linkages into the Executive Summary.  Dr. Moore suggested that there should be two documents:  a richer, smoother version of the large document; at the same time, he agreed that there should be another “shorter” document, with a different organizational structure (which could have a more technical chapter on the modeling), which should be richer in carefully selected imagery.  Dr. Bras observed that the Science Implementation Plan is a roadmap for multiple communities.  In response to some comments about the Academy report, Dr. Asrar explained how the description of the missions got out of sequence with the science plan.  The NRC comments were taken in a constructive way, and the NRC will be asked to evaluate the final blue document. Dr. Hartman noted that the connection between the science questions and the mission timelines is not spelled out adequately in the document.  In response to a question regarding the role of the ESSAAC, Dr. Asrar indicated that NASA wants the active participation of the Committee in the development process of the Science Implementation Plan.  In particular, the Committee could help ensure that the important connections are included in the final version of the document.  Dr. Bras stated that, ultimately, the Science Implementation Plan needs to be “fine-tuned,” which may include some reorganization; in addition, something else is needed which is shorter, crisper, and richer in imagery (to be used for scientific purposes and by the technologists). Dr. Moore observed that the text elaborates much more on the questions for the near-term missions and drops off dramatically in linkages to out-year missions (anything beyond AM and PM).  This leaves the out-year missions vulnerable, and is a fundamental flaw which needs to be corrected.

The ESSAAC discussed the process for working on the Science Implementation Plan.  Dr. Asrar noted that ESE is currently working on the 2001 cycle.  A version of the Plan, with that budget, is needed early next year in order to influence the 2002 budget.  The ESSAC agreed on the following process:

1. In the short term, ESSAAC will propose a new outline for the Science Implementation Plan and deliver it to ESE within the next three weeks.

2. ESE will take that input, as well as the Committee comments from this meeting, produce version 3.0, and send the revised version out to the Committee members.

3. The ESSAAC will establish a planning group to work with the ESE staff to produce an Executive Summary (a stand-alone document that will complement the larger document).

As part of this process, Dr. Morel asked the ESSAAC to validate the science questions which are used to plan the priorities. 

Dr. Bras adjourned the public meeting at 2:15 p.m.
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ESSAAC  CHAIR FINDINGS & RECOMMENDATIONS

The self-assessment was a good beginning of a process that ultimately will be beneficial to the Enterprise. It is important that in the future the goals and metrics be clearly presented to the Committee, in the same format as they will be assessed at the end of the period.  For next meeting, I would like that a separate short document of next year’s goals and metrics be prepared for a short discussion.  The Committee would like some measure of customer satisfaction, certainly but not limited to the information and data aspects of the of the operation. There are several comments and questions from the Committee: 

1. TECHNOLOGY.  It is clear that the process of coordinating science, missions and technology needs is improving. Nevertheless, there is a need to formalize, codify, the process so everybody understands it.  Science priorities and corresponding missions must drive technology development.  The process must involve the program managers.  The Committee does not want technology needs to go unnoticed and more importantly complacency developing with resulting stagnation of new developments.  I reiterate, though, that it was clear that this communication has improved and the technology groups were responding to statements and needs identified in the science implementation plan.

2. SOMO. Please determine the status of NAC recommendations relative to the formation of a users group and report to the Committee.

3. SPACE STATION. The earth science community should be made more aware of potential opportunities for good earth observations offered by space station assets.

4. The Committee endorses the strategy of looking at future missions as systematic or exploratory.

5. The Committee applauds the inclusion of weather related science questions in the science implementation plan.

The Science Implementation Plan is a very good beginning to what must be a dynamic and evolving document.  The Committee applauds the effort that has gone into the document. This is an investment that will pay in the future. This document will provide the rationale for the important Enterprise activities and serve as a map, albeit constantly refined, of the future endeavors of ESE. The difficulty with such documents it that it must serve many audiences, each playing slightly different roles.  At the very least, the document must serve the Enterprise staff and NASA as the future is charted; it should serve the earth science community as a statement of the issues that they and NASA have decided are important and as a statement of where efforts will be focused in the future; it also serves OMB, the administration and congress as a justification for the investment in NASA’s earth sciences activities. Serving so many is not an easy task and may require different versions of the document.

As previously stated, the document is a good beginning.  It is extensive and detailed, although not necessarily even in its various sections.  The presentations were, for the most part, more to the point and consistent. Several themes and suggestions for improvement arose consistently. 

Following is a prioritized summary:

1. The integrating theme of the document seems to indeed be climate and climate change in particular. This is undoubtedly a major thrust and consistent with the USGCRP. Nevertheless, some feel that it short changes the broader issue of earth systems understanding and modeling that subsumes climate change as one of its main concerns. The broader, and important theme, does cover the fascinating and valuable solid earth efforts better.

2. A section explaining the prioritizing of missions is needed.  Clearly this includes the input from the community but also criteria like: consistency with strategic plan and mission of the agency and ESE; relative importance of the questions to be addressed by the mission, value added for the investment or “delta” of knowledge or applications to be expected; soundness of approach; technology needs; estimated costs; availability of alternatives; risk; etc.  These are the obvious metrics that are already used but must be clearly stated.

3. The introduction may need better transitions between science questions and a clearer explanation of the organization to follow. (further organization comments below)

4. The present organization deals with the science questions by organizing in chapters that correspond to areas, almost disciplinary in nature and mapping into existing programs. Depending on the audience that may or may not be the best approach.

5. Chapter 3 is the exception to the above. It deals with climate systems, which is an integrating theme.

6. The linkages between the various areas and corresponding missions are still unclear, although a serious and explicit effort to provide these linkages was evident. This is clearly complicated and impacted by the organization of the document.

7. Better and more consistent attention to complementary efforts by the international community is needed. The treatment and reliance on foreign assets is uneven.

8. It is unclear if this document will be complementary to a similar plan from the application division or it is to serve both purposes.

The Committee wants to be involved in the evolution of this document. At this point it is most important to refine the existing document that we see as most useful NASA and the science community because of its extent and reach. A new version of the document must be ready quickly. A task force consisting of Moore, Hartmann, Uccellini and Solomon agreed to meet , for a day, to hammer out, with staff, a new outline. This must be done very quickly and circulated to the Committee. It should be stated that Pierre Morel already developed a new outline that is responsive to many of the organizational issues. This should be made available to all.

On a longer time frame, it seems that a parallel document, much shorter and visual should be developed to address other audiences. In a sense this could be a stand-alone Executive Summary. The challenge is to organize this in a crispier, readable document. The process on how to provide input to this effort is unclear. May I suggest the following process:

1. An outline of this document to be produced by staff and distributed by the end of January at the latest.

2. Committee members to provide input to the outline by February 15.

3. A draft to be produced by staff to be distributed by mid-March. 

4. The Committee to read and provide input, interacting via email and maybe teleconferencing, by mid-April.

5. Another draft to be distributed before and discussed in the next ESSAAC meeting in late May or early June.

The next meeting will be off-site. The agenda for that meeting will include: Applications Division report, Executive Summary of Science Implementation Plan, quick review of GPRA for next year, budget and the process used to formulate it.

Rafael Bras, ESSAAC Chair

EARTH SYSTEM SCIENCE AND APPLICATIONS ADVISORY COMMITTEE (ESSAAC)

NASA Headquarters

November 18-19, 1999
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1)  Status of Data and Information Systems and Services Advisory Subcommittee [Graves]

2)  Update on SOMO/CSOC [Graves]

3)  ISS Presentation to the ESSAAC [Kelley]

4)  Science Implementation Plan:  Introduction [Kaye]

5)  Biology and Biogeochemistry of Ecosystems and the Global Carbon Cycle [Wickland]

6)  Global Water and Energy Cycle [Schiffer]

7)  Climate Variability and Prediction [Bergman]

8)  Atmospheric Chemistry [DeCola]

9)  Solid Earth Science [Paylor]

10)  GPRA Metrics:  ESE DISS [Maiden]

11)  ESE Applications, Commercialization, and Education (ACE) Division [Maynard]

Other material distributed at the meeting:

1)  GWEC Background Information

2)  FY 1999 Performance Report for Earth Science [draft]

3)  NASA Performance Plan FY 2000

4)  Technology Investments Supporting ESE Science Themes

5)  Technology Subcommittee Report to the ESSAAC by Greg Canavan
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